The impact of prenatal care use on birth outcomes has been understudied in South American countries. This study assessed the effects of various measures of prenatal care use on birth weight (BW) 
Introduction
Birth outcomes including low birth weight (LBW) and preterm birth are frequent adverse outcomes that contribute signifi cantly to infant mortality and delayed child development. LBW occurs among 16% and 7% of births in developing and developed countries, respectively (Lawn et al. 2005) . In Brazil, the largest country in South America, an 11% LBW rate was reported in 1994 (Goldani et al. 2004a ). The LBW rate has increased by about 49% between 1978-79 and 1994 in the Southeastern region (Goldani et al. 2004a ) and by 17% between 1982 and 2004 in the city of Pelotas in the South . Preterm birth rates have also increased in Brazil over the past two decades, by more than 150% (from a 6.3% rate) in Pelotas City between 1982 and . Large declines in specific neonatal and infant mortality rates specific to gestational age and birth weight have been reported over this period as well (Goldani et al. 2004b ; (US) by about 28 and 16%, respectively, over the past two decades (Arias et al. 2003) .
The increase in incidence rates and improved survival of affected births could increase the prevalence of developmental disabilities, particularly among very LBW and preterm babies in less developed settings. Child disability exerts a large burden on the individual and family quality of life and economic wellbeing, with larger impacts expected in less developed countries. LBW and preterm birth have negative effects on development and cognitive/neurobehavioral outcomes during infancy, childhood and adolescence (e.g. Mervis et al. 1995; Schendel et al. 1997; Saigal et al. 2001; Wolf et al. 2001; Boardman et al. 2002;  Anderson and Doyle 2003) . Limitations include visual impairments, learning disabilities and challenges in schooling performance, hyperactivity and lower achievement on other developmental and behavioral aspects. Preterm babies are also at an increased risk for several early onset medical problems (some with potentially lifelong impacts) including respiratory distress syndrome, apnea, intraventricular haemor rhage, patent ductus arteriosis, anaemia, chronic lung disease and infections (March of Dimes 2007) . LBW and preterm birth also increase healthcare utilization and costs; preterm births have about 10 times higher medical costs in the first year of life than full-term births (March of Dimes 2006) .
Given the importance of these birth outcomes, identifying their determinants, particularly those that are amenable to changes through health policies, becomes highly relevant for improving infant and child health. Prenatal care use is of particular interest given the general perception that it has a positive impact on overall fetal and maternal health and that it can be targeted by health policy interventions. Yet there has been limited research into the effectiveness of prenatal care utilization and other potentially relevant prenatal health behaviors and factors in improving birth outcomes in less developed settings. Most well-designed observational studies have focused on US data and have generally found modest effects on birth outcomes (focusing mostly on birth weight) (e.g. Rosenzweig and Schultz 1982 , 1983 , 1988 Joyce 1985 Joyce , 1987 Joyce , 1994 Conway and Deb 2005; Evans and Lien 2005) . Most studies have also ignored the potential heterogeneity in effects of prenatal care by biologic, environmental and socio-economic risks (referred to hereafter as fetal health risks) and focused on estimating average effects.1
This study evaluates the effectiveness of prenatal care utiliza tion in improving birth weight and gestational age outcomes among samples of infants born with and without selected birth defects in Brazil. The analyses by birth defect status evaluate the existence of heterogeneity in prenatal care effectiveness by genetic risks that cannot be measured directly but are expected to be more common in the group with birth defects. The selected birth defects occur early on in pregnancy and are largely affected by genetic risk factors, allowing the birth defect status to be used as an indicator for higher genetic risks that is exogenous to prenatal care. We also apply quantile regression to further evaluate the heterogeneity of prenatal care effective ness within the two infant groups. Since pregnancies with higher fetal health risks (as defined above) are expected to have births on the left side of the birth weight distribution, estimating the effects of prenatal care and other prenatal factors on birth weight quantiles (percentiles) provides an approach to evaluate heterogeneity in effectiveness by these risks, many of which cannot be directly measured using the typically available data. The study also evaluates the demand for prenatal care and has important health policy implications for improving birth outcomes in Brazil.
Methods

Study sample
The study sample included 1716 infants without birth defects and 1695 infants with one or more of the following birth defects: cleft lip and/or palate, neural tube defects, trisomy 21, congenital heart disease and polydactyly, which represent the five most common birth defects. The infants were born in 18 hospitals in Brazil between 1995 and 2002 (inclusive) (Kotelchuck 1994 ) that incorporate gestational age, prenatal care delay and number of visits may have a bias by construction when estimating their effects on birth out comes (Kotelchuck 1994; Koroukian and Rimm 2002; Kotelchuck 2003) . One conceptual limitation in using these indices is that they are based on standards that may not apply to the study setting and they already imply an effective or appropriate level of prenatal care use.5
The study outcome measures included binary indicators (0, 1) of LBW (< 2500 grams) and preterm birth (<37 weeks of gestation) as well as continuous birth weight (BW) in grams. Given that BW increases with gestational age and fetal growth rate, alternative models for BW that adjust for gestational age were also studied.
The effects of the three measures of prenatal care use on the BW outcomes were assessed. Only the effects of prenatal care delay on preterm birth were estimated due to the reverse effects of gestational age on the other prenatal care measures. Rosenzweig and Schultz 1982 , 1983 , 1988 Rous et al. 2004) , with women at higher risks for adverse birth outcomes utilizing more prenatal care. When unaccounted for, this is expected to result in underestimation of prenatal care effectiveness.
Birth outcome function
One tool that has been commonly employed to handle self selection is instrumental variable (IV) analysis, which would utilize variables (instruments) that affect prenatal care (such as distance to prenatal care clinics, price of prenatal care, or access to insurance) but are otherwise thought to have no effects on the studied birth outcomes (i.e. no direct effects or indirect effects through unobserved variables). The instru ments therefore are required to be 'exogenous', i.e. not related to unmeasured variables that are also related to the birth outcomes.
Unfortunately, we had no access in this study to good instruments that would satisfy the IV assumptions. We tried to overcome the self-selection problem by using a very well specified regression model that includes several indicators of variables that might lead to adverse self-selection (including maternal health, fertility history and family genetic risks) and by including area-fixed effects, which are expected to account for any differences in health risks that vary between states. As discussed below, the effectiveness of prenatal care (espe cially prenatal visits) was generally underestimated when unadjusted for the model covariates, providing evidence that some adverse self-selection was accounted for. However, given that adverse self-selection is unlikely to be fully accounted for through direct adjustment of observable covariates (due to the role of unobservable or unmeasured characteristics such as history of LBW in the family or other unmeasured pregnancy risks), we treat the obtained estimates as lower-bound estimates of prenatal care effectiveness.
Prenatal care demand
In addition to evaluating the effectiveness of prenatal care, we also studied the demand for prenatal care 
Results
Effects of prenatal care use on LBW and preterm birth 
Effects of other factors on birth outcomes
The marginal probability effects (ME) of selected prenatal factors and other covariates that showed significant effects on LBW are included in Table 6 reports the ME of selected prenatal factors and other covariates that showed significant effects on preterm birth. In the group without birth defects, multivitamin use and father's secondary education (relative to incomplete primary or no education) reduced preterm birth risk by about 0.04 each, Figure 1 Quantile and mean effects of prenatal care use on birth weight in the group without birth defects Note: Figure 1 represents Figure 3 shows plots of the quantile and OLS regression effects on BW of selected prenatal factors and other covariates that had interesting results.12 Some differences were observed in these effects between the two groups. In the group without birth defects, the number of previous live births had significant positive effects at the mean and quantiles of BW. The quantile effects at lower quantiles were generally larger than those at higher quantiles. On the contrary, previous live births had no significant effects in the group with birth defects. First trimester bleeding had large negative effects on BW mean 
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Notes:
Marginal effects (ME) of prenatal factors and other covariates on LBW probability were estimated holding model covariates at their means. Standard errors (SE) of marginal effects are listed in parentheses. *, ** and *** indicate significant effects at P<0.1, P < 0.05 and P < 0.01, respectively. 
Demand for prenatal care
The average number of prenatal visits in the study sample was about seven visits. The coefficients of the demand function for prenatal visits were not significantly different between the two infant groups using a Chow test. Adverse self-selection can also explain the increased risks of LBW with adequate care compared with intermediate care in the group with birth defects, and the lack of significant effects of adequate care on BW in the group without birth defects. This is because high risk pregnancies are likely to get more adequate care (as defined by the Kessner index), inducing a positive bias into the estimate of effects of adequate care on LBW and a negative bias into the effects on BW. Adding indicators for the type of birth defect and whether the birth defect was diagnosed prenatally slightly reduced this bias for the group with birth defects, but the persistence of the positive effect of adequate care on LBW in this group is likely due to the role of unmeasured risks (such as certain maternal health risks) in adverse self-selection in this group. We attempted to account for self-selection using a wellspecified regression model that accounts for several theoreti cally relevant covariates and confounders. Due to the role of unobservable (unmeasured) risks in self-selection, it is likely that the bias in estimating prenatal care effectiveness persisted using the classical regression model. Instrumental variables (IV) analysis can be used to explicitly account for unmeasured confounders, but this requires the availability of appropriate instruments. We had no access to theoretically appealing instruments such as distance to prenatal care providers or other measures of accessibility to prenatal care.13 Further studies are needed with datasets that provide data on instruments such as availability and price of prenatal care in order to estimate prenatal care effects using an IV model. Due to the possibility of incomplete adjustment for adverse self selection, we consider the estimated effects of the various prenatal care measures to be lower bound estimates (i.e. prenatal care use will likely be found more effective when adjusting further for self-selection).
The quantile regression analyses suggest that pregnancies with higher fetal health risks that are correlated with lower BW quantiles will benefit more from increasing the number of prenatal visits than those with lower fetal health risks. In the group without birth defects, the larger increase in BW in the higher risk group is likely due to larger increases in both fetal growth rate and gestational age, compared with the lower risk group. In the group with birth defects, it is unlikely that prenatal care visits had a larger effect on fetal growth rate among the higher risk group 1980 and 1990 (Global Health Council 2006) . This implies a 33% increase in LBW rate in this period based on the study estimates (see Table 5 ), accounting for more than 60% of the LBW rate increase reported in the Southeastern region in Brazil during this period (Goldani et al. 2004a (Hildingsson et al. 2005 participating in ECLAMC are located in socio-economically diverse communities, as can be seen from the variation of the socio-economic variables that were included in the study (see Table 1 ). Further, the hospitals are located in five states and several cities, providing a large geographic representation. Therefore, the sample is considered to be representative of a large proportion of the Brazilian population. While all these factors are acknowledged as limitations, they are unlikely to have had any real impact on the study results.
Finally, we had no data on the quality or content of prenatal care and the study provides results only for increasing the quantity of prenatal care at the average 'unobserved' care quality and content levels. This is a common limitation to most observational studies of prenatal care effectiveness that focus on utilization measures due to the lack of data on quality and content of care. It is expected that the estimated average effectiveness of prenatal care utilization will increase as quality and content of care increase, but it is important to also evaluate the substitutability between quantity and quality of prenatal care in improving birth outcomes. Data are needed to evaluate the effects of quality of prenatal care in improving birth outcomes.
Conclusions
The study suggests large benefits in birth weight outcomes with more frequent use of prenatal care visits and with switching from inadequate to intermediate levels of prenatal care utilization in Brazil, particularly among pregnancies with high fetal health risks but uncomplicated with birth defects. This highlights the need for health policies to improve utilization. Important future research questions are identified including further evaluation of the effectiveness of prenatal care in the presence of common birth defects. 1 Conway and Deb (2005) and Abrevaya (2001) 
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